To compare clinical and economic outcomes between patients with urinary tract infection (UTI) due to extended-spectrum b-lactamase-producing Escherichia coli and Klebsiella species (ESBL-EK) versus patients with non-ESBL-EK UTI.
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High proportions of these infections are caused by Enterobacteriaceae, primarily Escherichia coli and Klebsiella species. 2 The prevalence of hospitalized patients with UTI caused by multidrug-resistant E coli and Klebsiella species has increased. [3] [4] [5] Enterobacteriaceae can produce hydrolytic enzymes, specifically extended-spectrum b-lactamases (ESBL), which result in high rates of bacterial resistance to frequently used agents. 6 Global rates vary widely by region, and recent surveillance data showed increasing rates of clinical isolates in North America are ESBL producers. [7] [8] [9] [10] More alarming is the emergence of these resistant organisms in the community. 11 In addition to b-lactams, ESBL production is associated with resistance to other antibiotic classes (fluoroquinolones, aminoglycosides, and sulfonamides), and has become an important cause of failed therapy. 12, 13 Consequently, providing adequate and timely antibiotics can become convoluted due to fewer remaining treatment options. Therefore, carbapenems, which are less susceptible to hydrolysis by these enzymes, have become the preferred therapy for infection with ESBLproducing pathogens. 3, 13, 14 The consequences of ESBL production, mainly in bloodstream infection (BSI), are well characterized, including notable delays in receipt of appropriate antibiotic therapy, prolonged length of stay (LOS), and increased cost of care. 15, 16 Importantly, others have found higher rates of mortality. [17] [18] [19] [20] [21] However, the impact on outcomes specifically in UTI remains unclear. As a result of the prevalence of UTI admissions to the hospital, the increasing incidence of ESBLs, and the potential impact on the clinical course of care, additional study is required to support best practices for this common diagnosis. August 31, 2012 with UTI present on admission (48 hours) were evaluated. Cases were patients 18 years of age, with a positive urine culture (10 4 CFU/mL) for an ESBL-producing organism (48 hours of admission), who received antibiotic treatment directed at the positive culture for 48 hours, and beginning prior to availability of in vitro susceptibility results. Cases were identified by a detailed search of the microbiology department database of ESBL-EK cultures. Only the first positive (index) culture for each patient was included. Bacteremia was defined as isolation of a blood culture organism identical to the one isolated from the urine culture. Patients were excluded if they were discharged, died, or placed on palliative care prior to or on the date of urine collection. Controls (patients admitted with UTI on admission caused by non-ESBL-EK) were matched to cases in a 1:1 fashion on the basis of isolated urinary pathogen, age (65 years), sex, and race. ESBL-producing organisms were identified and classified according to the Clinical and Laboratory Standards Institute guidelines. 22 
PATIENTS AND METHODS

Study Subjects and Design
Data Collection
Once patients were identified, the following information was collected from the patient's medical record by 2 investigators using a standardized case report form: demographic characteristics, comorbid conditions and severity of comorbidities using the Charlson comorbidity index, recent patient medical history, and clinical and economic attributes. 23 The study was approved by the institutional review board of Hartford Hospital. An informed consent waiver was granted as all data were currently in existence and no patient-specific interventions were conducted for the study. The collection of data was in compliance with the Health Insurance Portability and Accountability Act of 1996.
Outcomes and Definitions
Onset of UTI was defined as the date/time of the index culture collection. An initial antibiotic treatment was a course of therapy initiated empirically (prior to availability of in vitro susceptibility) and that continued for 48 hours. An appropriate empiric antibiotic was defined as an initial antibiotic that ultimately possessed in vitro activity against the isolated pathogen.
The primary clinical outcomes were initial antibiotic response and clinical response. Initial antibiotic response was defined as "failure" if there was lack of clinical improvement, as evident by a switch to an alternative antibiotic (excluding switches to similar/ narrower-spectrum agents and courses begun at discharge) or infection-related mortality while receiving the initial antibiotic. Patients were deemed "clinical success" if they were clinically stable at discharge or end of therapy, whichever occurred first, with resolution of signs and symptoms of infection. Clinical failures were patients with (1) infection-related mortality or (2) readmission to hospital with UTI within 30 days of discharge. Clinical response was chosen as a primary outcome because significant mortality attributed to UTI was not anticipated. Secondary clinical outcomes included: time to appropriate antibiotic therapy, mortality (all cause and infection related), and 30-day readmission (all cause and UTI related). Patients were considered to have received appropriate antibiotic therapy when they had received their first dose of antibiotic with activity against the isolated pathogen based on the patient-specific in vitro susceptibility results. Time to appropriate antibiotics was defined as the elapsed time (hours) between the index culture collection and the initial dose of appropriate antibiotic therapy. All-cause mortality was defined as any cause of death at the end of hospitalization, whereas infection-related mortality was defined as death occurring while receiving antibiotics for the index infection, without any other obvious cause of death.
The primary economic outcomes were hospital LOS, costs, and reimbursement. Antibiotic costs were calculated for each patient according to acquisition costs. Additional economic outcomes evaluated were net hospital reimbursement and primary payor. Net hospital reimbursement was calculated as the difference between hospital reimbursement and hospital costs for each patient. Hospital costs were calculated as the direct plus indirect hospitalization costs for each patient, as determined by our institutional accounting department. All economic values were reported in United States dollars.
Statistical Analysis
Statistical comparisons were performed between cases and controls using a paired t test or Wilcoxon signed rank test for continuous variables, where appropriate. Dichotomous variables were compared using the McNemar test. Multivariate logistic regression was performed to calculate odds ratios (ORs) and 95% confidence intervals (CIs) to determine independent risk factors for ESBL-EK, including all pertinent variables with a P value <0.1 in univariate analyses. All data were analyzed using SigmaStat version 2.03 (IBM/SPSS, Armonk, NY). A P value of 0.05 was considered statistically significant.
RESULTS
Patient Population
Between September 2011 and August 2012, there were 220 specimens of ESBL-related infection and 2345 patients admitted with a UTI on admission. Eighty-four were confirmed ESBL-EK cases (3.6%), and 55 met criteria for inclusion. Twenty-nine of these cases were excluded because the index culture was polymicrobial, for which the response to antibiotics for ESBL-EK could not be elicited (n 5 22); they had incomplete medical records (n 5 4); or they did not have a matched control patient (n 5 3). Fifty-five matched control patients were identified, resulting in 110 patients overall.
Patient demographics and baseline characteristics are shown in Table 1 . Patients with ESBL-EK UTI were more likely to have diabetes mellitus, chronic obstructive pulmonary disorder, and a history of recurrent UTIs. They were more likely to have recently received antibiotics, been hospitalized, or had isolation of an ESBL-producing organism. No significant differences in Charlson comorbidity index, recent immunosuppressive therapy, or urinary catheterization were observed. Compared with controls, patients with ESBL-EK UTI were more frequently transferred from another healthcare facility, although the difference was not statistically significant (P 5 0.06). In the multivariate regression model, diabetes mellitus (OR: 4.4, 95% CI: 1.7-11.5; P 5 0.002), history of recurrent UTIs (OR: 4.4, 95% CI: 1.8-10.9; P 5 0.001), and transfer from another healthcare facility (OR: 2.38, 95% CI: 1.0-5.7; P 5 0.05) were independently associated with ESBL-EK UTI. Previous isolation of an ESBL-producing organism (P < 0.001) was unable to be included in the multivariate logistic regression model because only patients with UTI caused by ESBL-EK were positive for this variable. However, as noted in Table 1 , 27.2% of cases had isolation of an ESBL-producing organism in the previous year.
Isolate Characteristics
The distribution of causative pathogens in each cohort was: 44 (80%) Escherichia coli, 8 (14.5%) Klebsiella pneumoniae, and 3 (5.5%) Klebsiella oxytoca. In vitro nonsusceptibility profiles of the 55 ESBL-EK cases are characterized in Figure 1 . The most active agents were carbapenems, with 98.2% susceptibility to the entire isolate profile, whereas <10% of isolates were susceptible to the fluoroquinolones. All ESBL-producing isolates were resistant to cefepime.
Failure on Initial Antibiotic Regimen
Initial antibiotic therapy is shown in Table 2 . A majority of patients (87.2%) were initially treated with a b-lactam. Empiric carbapenem use was greater in ESBL-EK cases (18.1% vs 0%; P < 0.001), and there were no other significant differences in the distribution of initial antibiotic therapy between cohorts. Less than one-quarter of ESBL-EK patients (23.6%) received appropriate initial therapy, whereas 98.2% of controls were initially treated appropriately (P < 0.001).
Compared with controls, failure of initial antibiotic therapy was more common in patients with ESBL-EK UTI, resulting in a significantly longer time to appropriate antibiotics (Table 3) . Among ESBL-EK UTI cases, failure of initial antibiotic therapy was greater for patients who received noncarbapenem b-lactams (85.7%) as compared to those who empirically received a carbapenem (0%) (P < 0.001). Antibiotic failure (>2 patients treated) in ESBL-EK was highest with the following antibiotics: cefepime (100% [ 
Clinical Outcomes
There were no significant differences in clinical success, mortality, or 30-day readmission between cohorts (Table 3 ). Among ESBL-EK patients, those who received appropriate antibiotics within 48 hours were significantly more likely to achieve treatment success (100% vs 77.1%; P 5 0.04). All 8 ESBL-EK treatment failures (4 infection-related mortality and 4 UTI readmitted with the same ESBL pathogen) failed to receive appropriate antibiotics within 48 hours of culture collection.
More ESBL-EK patients required a switch in their antibiotics. Within the subgroup of ESBL-EK patients with an escalation in antibiotics, ertapenem was added to 19 of 33 (57.6%) cases.
Economic Outcomes ESBL-EK patients who received inappropriate initial therapy received longer antibiotic treatment courses than those empirically treated with a carbapenem (mean 6 standard deviation, 8.9 6 3.7 vs 6.2 6 3.2 days, respectively; P 5 0.04). When compared to non-ESBL infection, ESBL-EK patients required more days of antibiotic therapy (median 8 vs 5 days; P 5 0.03). The median LOS was significantly longer and total hospital costs were significantly greater for ESBL cases. Antibiotic costs contributed minimally to the overall cost, accounting for <1% (0.5% for cases vs 0.1% for controls), regardless of ESBL status. A comparison of economic outcomes is presented in Table 3 . LOS among ESBL cases was not different between those discharged with and without continued antimicrobial therapy. Moreover, for those discharged on antimicrobial therapy, the utilization of either the oral or intravenous route did not delay discharge (data not shown).
The payor mix was similar between cases and controls. Given the predominately elderly population, Medicare was the primary payor for a majority of patients. Median differences in cost and reimbursement between cohorts (ESBL-EK vs non-ESBL-EK) were $3658 (P 5 0.02) and $469 (P 5 0.56), respectively. As a result, median loss per patient with ESBL-EK infection was $3189 when compared with controls. 
DISCUSSION
This matched cohort analysis revealed that ESBL-EK has detrimental effects on the outcomes of patients admitted to the hospital with UTI. While matching for demographics and infecting pathogen, patients with ESBL-EK UTI had diminished initial antibiotic response and considerably longer time to appropriate antibiotic therapy (48 hours longer) than their non-ESBL comparator. Despite significant delays in appropriate therapy, we saw no attributable difference in clinical outcome and mortality; however, numerical trends toward increased risk were observed in ESBL-EK patients. Although clinical response was largely unchanged, prolonged hospitals stays and increased cost of care were endured by ESBL-EK patients. Antimicrobial resistance, a primary factor in the postponement of appropriate antibiotic therapy, is a worrisome occurrence with meaningful clinical implications. 16 - 21, 24 In BSI, delayed appropriate therapy due to ESBLs has been associated with prolonged LOS, increased costs, and increased mortality. 20, 25 However, the clinical significance of ESBL production on patient outcomes in UTI remains equivocal. To the best of our knowledge, this is the first matched control analysis evaluating the clinical and economic impact of ESBL specifically in UTI. We saw a 50% increase in the median LOS (from 4 to 6 days) and cost of care (additional $3658 per patient) in the ESBL-EK UTI cohort. Albeit as small subpopulation, patients with bacteremic UTI due to ESBL-EK had significantly longer hospital stays and increased cost of care as compared with non-ESBL-EK bacteremic UTI. These economic findings are consistent with data from other investigations. For example, a matched casecontrol study of infection (51.5% UTI) due to ESBLproducing E coli and K pneumoniae by Lautenbach and colleagues found an additional 60-hour (72 vs 11.5 hours, P < 0.001) delay in time to appropriate antibiotics for case patients, resulting in significantly longer LOS (1.8 times) and increased hospital charges (2.9 times). 17 With respect to costs, a matched casecontrol analysis of ESBL-EK in non-UTI saw a 70% increase in cost ($41,353 vs $24,902) . 26 Moreover, the increased cost in that study, like this one, was driven primarily by LOS (additional 9.7 days) and not drug utilization, with antibiotic costs representing <2% of the total hospitalization cost. Tumbarello and colleagues observed an approximate 50% increase in LOS and hospital costs in patients with BSI caused by ESBL-producing E coli.
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Distinctive from those studies, we investigated the significance of ESBL production on hospital reimbursement. Despite the additional healthcare resource utilization (50% greater), we saw no appreciable increase (<5%) in median hospital reimbursement. Given that the primary payors between cohorts were comparable, infection with ESBL-producing bacteria may result in a potential loss of income if optimal treatment is not initiated on admission.
The risk factors for development of UTI due to ESBL-EK are well defined. [27] [28] [29] [30] [31] [32] Two scoring systems, an Italian and a Duke model, have identified patients at increased risk of harboring ESBL-producing organisms on hospital admission. 33, 34 The features of each model center on established risk factors for ESBL-EK UTI. In our study population, these scoring model features were more common in ESBL-EK patients, supporting their potential application in UTI. However, because of our study design (infected controls) and matching criteria, only 2 features (recent antibiotics and previous hospitalization) achieved statistical significance as detectable risk factors in our population. Regardless, these data, coupled with increasing prevalence of UTI with ESBL-producing bacteria, provide justification and advocacy for the empiric use of ESBL active antibiotics (ie, carbapenems) in certain high-risk individuals, particularly those patients with a previous history of ESBL or those with multiple risk factors identified in our study as well as others (previous hospitalization, recent antibiotic exposure). Importantly, an aggressive de-escalation strategy should be used to temper collateral damage for patients with non-ESBL infections. Moreover, the utilization of oral therapies beyond the fluoroquinolones and trimethoprimsulfamethoxazole, such as fosfomycin and nitrofurantoin, coupled with coordinated transitions of care, may alleviate the demand for intravenous access in patients prepared for discharge. 35, 36 This study is not without limitations. As only a distinct period in time was studied, we are unable to determine the implications of previous episodes of UTI on the current admission. Although the Charlson comorbidity score was not significantly different between the 2 patient cohorts, ESBL-EK patients were more likely to have several demographic features (ie, diabetes mellitus, recurrent UTIs, previous hospitalization, and recent antibiotic exposure), which are to be expected in the ESBL population. 37, 38 Although these differences have been observed as expected, we believe the driver of prolonged LOS and increased costs of care stem from inappropriate initial antibiotic therapy as evident by the initial clinical failure observed in ESBL-EK patients. It should also be noted that we defined antibiotics as appropriate based on the laboratory criteria for susceptibility, as such agents that have high concentration in the urinary tract (ie, fluoroquinolones) may be effective despite these laboratory definitions. 17 For instance, 10 of our ESBL-EK patients never received appropriate antibiotics (3 fluoroquinolones, 7 noncarbapenem b-lactams) as defined by laboratory-based susceptibility testing, 8 of whom experienced clinical success. Previous studies have shown discordance between phenotypic ESBL-related resistance profiles and outcomes. [17] [18] [19] [20] [21] 25, 39, 40 In summary, recent increases in antimicrobial resistance present ongoing challenges in the treatment of hospitalized patients, as appropriate treatment options are extremely limited. Our findings strengthen the consortium of data stating that antimicrobial resistance unfavorably impacts patient outcomes. 41, 42 ESBL-EK in UTI is associated with high rates of failure of initial antibiotic therapy, prolonged LOS, and increased cost of care. Furthermore, the added cost associated with UTI due to ESBL-EK is not recognized in hospital reimbursement, as evident by a $3200 net loss relative to reimbursement. This loss appears to be solely due to the increased LOS, as antibiotic costs were <1% of cost of care. Moreover, these negative consequences could be even more pronounced at institutions with a higher prevalence of ESBL infection. A multidisciplinary approach (infection control, microbiology) using these data as a benchmark, may enhance the detection, treatment, and prevention of these ESBL-producing organisms. With high levels of coresistance to noncarbapenem b-lactams and fluoroquinolones, providers should be cognizant of organisms capable of producing ESBL when selecting initial antibiotic therapy in high-risk populations. Early recognition and timely initiation of appropriate antibiotic therapy appear paramount to minimizing the burden of ESBL-EK in patients admitted to the hospital with a UTI.
